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Introduction
In the era of globalization, the demand of new products with advanced materials and process technologies is increasing.
outstanding corrosion resistance [2] [3] [4] . Light metals based alloy such as Al, Mg and Ti are the common metallic alloys utilized today. Metal matrix composites can be manufactured by various techniques which are divided into three classes, i.e. solid, liquid and vapour .Out of which liquid state method comprising of stir casting technique is the most commonly used method due to its low cost and availability. Aluminium metal matrix composites (AMCs) are one of the most common and widely used materials in the industrial world today. AMCs are widely used in aerospace, automobiles, defense, etc. [5] . Various series of aluminium are used nowadays in manufacturing of composites which comprises of 1xxx, 2xxx, 3xxx, 4xxx, 5xxx, 6xxx, 7xxx, 8xxx each having different compositions of aluminium. To increase the properties of aluminium MMCs they are reinforced with various other reinforcing materials such as SiC, Al 2 O 3 , B 4 C, TiC, TiB 2 , MgO, TiO 2 , etc. [6] . Reinforcements are mainly added to enhance the properties of base metal like strength, stiffness, conductivity etc. Silicon carbide (SiC) and aluminium oxide (Al 2 O 3 ) are the most commonly used reinforcements. SiC reinforcement improves the properties like tensile strength, hardness, density and wear resistance of Al and its alloy. The distribution of particles plays a very important role in the properties of aluminium MMCs. Al 2 O 3 reinforcements have good compressive strength and wear resistance. Boron carbide is one of the hardest elements known. It has high value of elastic modulus and fracture toughness [6] . Various researches have also been carried out on use of rare earth as an additive in the MMCs.
Xihua et al. [7] reported that on successful incorporation of mixed rare earth additive, i.e. Nd, Ce, La and Pr in the composites with 9.5 vol% AlTiC, 0.5 vol.% mixed RE and 90 vol.% alumina bending strength, toughness and hardness were observed to be 617.6 MPa, 5.77 MPa and 20.7 GPa. But when the percentage reaches above it, i.e. 3 wt.-% there was sudden decrease in properties of the composites. James et al. [8] reported that with the addition of TiB 2 and SiC led to decrease in hardness value when percentage of TiB 2 was 5 wt.-% and SiC added 20 wt.-% to the strength but addition of TiB 2 reduce strength to 50-60% also it increases the surface roughness. Siva et al. [9] used rice husk ash (RHA) and SiC as reinforcements and detailed an increase in the hardness and porosity of the composite with increase in reinforcement volume fraction and decrease in density with increase in content of particle. The ultimate tensile strength (measure of the maximum stress that material can withstand without being elongated, stretched or pulled) and yield strength also increased with increase in weight fraction whereas elongation decreases. The microstructure analysis was done using SEM and XRD techniques. Liu et al. [10] reported that with the use of 0.5 wt.-% of rare earth element (CeO 2 ) in TiC/Al composites shows refinement of TiC particles, prevents the formation of Al 3 Ti, increase the wettability between the TiC particles and the Al matrix as well as enhancement in the mechanical properties of the composites. Selvam et al. [11] used 7.5-10 wt.-% of SiC along with constant amount of fly ash, i.e. 7.5 wt.-% and concluded that there was an improvement in micro and macro hardness of the composite with the addition of fly ash.
Kumar et al. [12] reported that there was an increase in BHN value of the specimen by 14.80%, rockwell hardness increased by 2.43%, ultimate tensile strength increased by 1.003% and 24.98% decrease in thermal conductivity was observed as compared to aluminium in Al-Ni MMCs.
Kumar et al. [13] investigated aluminium MMCs using Al-2219 as base alloy reinforced with B 4 C/MOS 2 and observed the effect of reinforcement on mechanical properties of the alloy. It was found that density and hardness of MMCs increases but tensile strength and yield strength decreases on increasing the percentage of reinforcement in aluminium alloy. Shojaeefard et al. [14] reported that on addition of SiC, TiC, ZrO 2 , B 4 C as reinforcements in Al-356 matrix and weight percentage of 12 wt.-% each. Hardness value of the composite increased with reinforcement of TiC particles as compared with other material. Wear resistance of the composite also improved as compared to base material. The ploughing that occurred on the surface of Al-TiC and Al-B 4 C composites caused due to wear shows that abrasive wearing takes place. However abrasive and adhesive wear were the most prevailing wear mechanism observed in the composite reinforced with SiC and ZrO 2 . Rana et al. [15] optimized the wear performance of Al-5083 alloy reinforced with 10 wt.-% SiC using Taguchi method and resulted that applied load has the highest influence on the wear rate of the composite followed by sliding distance and sliding speed. Prakash et al. [16] investigated wear as well as mechanical behaviour of Mg/SiC/Gr hybrid composites and reported that the properties like density, wear resistance and micro-hardness increased with increase in SiC content but as the Gr content increases micro-hardness decreased due to brittle fracture occurred in the structure which was observed from SEM images. James et al. [8] used titanium di boride (TiB 2 ) and SiC and shows that by keeping constant composition of SiC, i.e. 10 wt.-% and changing the composition of TiB 2 i.e. 0, 2.5, and 5 wt.-%, hardness and tensile strength increases but with addition of TiB 2 hardness and tensile strength decreases this was due to the fact that addition of TiB 2 up to 5 wt.-% leads to porosity which effects hardness value.
From the literature, it has been found that various researches has been carried out by utilizing the different types of reinforcement particles SiC, TiC, Al 2 O 3 , Gr, B 4 C and CaC 2 alone or combining with different aluminium alloys to estimate mechanical properties and mechanical characterization of composite. However till date no exploration has been done on Al-6061 reinforced with mixture of (Al 2 O 3 + SiC) and rare earth element CeO 2 (cerium oxide) as additive. SiC was used because of its properties like exceptional workability, ease of machining and low cost. The purpose of adding Al 2 O 3 was to further enhance the properties of aluminium composite. The comparison between the properties of two composites, i.e. (Al-6061-Al 2 O 3 -SiC) and (Al-6061-Al 2 O 3 -SiC-CeO 2 ) on the basis of hardness, ultimate tensile strength (UTS) and percentage elongation is shown in the present study. Also microstructure analysis was done to check the microstructure of the hybrid composites prepared and further comparison between both types of hybrid composites was also done. 2. Materials and methods
Materials
The matrix material used for this study was 12 cuboidal shaped (50 mm × 40 mm × 80 mm) Al-6061 blocks each weighing 450 g (approx.). The element composition with mechanical properties of the matrix alloys is shown in 
Preparation of samples for the experimental work
The conventional stir casting technique was utilized to set up the composite samples. An amount of 900 g of aluminium in the form of cubical blocks were been placed inside the graphite crucible and was been heated to a maximum temperature of 650 • C to convert it into the molten form. The particulates of SiC and Al 2 O 3 were mixed thoroughly and the packets of 5, 10, and 15 wt.-% of mixture were prepared which were then preheated in a muffle furnace for 1-2 h to get their surface oxidized. Similar process was been followed to prepare a mixture of (Al 2 O 3 -SiC-CeO 2 ). The preheated powders mixtures were then poured into the molten Al-6061 pool and were continuously stirred for about 8-10 min at a speed of 350 rpm with the help of graphite stirrer to get a homogeneous mixture of molten Al-6061 with the powder. The mixture prepared was then poured into a cast iron die through bottom pouring of furnace and allowed to solidify at room temperature. The specimens were then taken out from the die after solidification.
Microstructure analysis
The microstructure analysis was done using scanning electron microscopy (SEM) (Make: JEOL JSM-6510LV, Oxford Instruments), X-ray diffraction (XRD) and energy dispersive spectroscopy (EDS) techniques to analyze the complete microstructure of the prepared samples. The samples were grounded using SiC paper up to a mesh size of 1500. After a standard procedure of polishing, the composite samples were then etched with a solution of 5 vol% of concentrated hydrofluoric acid in 95 vol% H 2 O for the microstructure examination. These samples were also deeply etched with a solution of 15 vol% hydrochloric acid to show the three-dimensional morphology of Si phase. The SEM and EDS characterization of specimens were examined directly by SEM with EDS attachment (JEOL JSM-6510LV, Oxford Instruments SAI Labs, Patiala). SEM was used to observe the sample surfaces and proper dispersion of reinforcement particulate in composite material. In SEM microscopy, a particular area of the surface of the sample is selected to produce a two-dimensional image and reveal information about the sample including external morphology (texture), chemical composition when used with the EDS feature and orientation of materials making up the sample. X-ray diffraction measurements of all the samples of composites were carried out by 'XPERT-PRO' of PAN Analytical by using CuK radiation and nickel filter at 40 mA under a voltage of 45 kV. All the specimens were scanned in 2 range of 20-110 • . The diffractometer being interfaced with X'pert data collector software provides 'd' values directly on the diffraction pattern. These 'd' values were then used for identification of various phases using ASTM X-ray diffraction data cards. To confirm the presence of the minor precipitate phases as detected by the diffraction pattern, the 'd' values for different phases were obtained using ICSD cards available with the software and were manually compared with the diffraction pattern of all the samples.
Mechanical testing
The mechanical properties of the composite samples were characterized by conducting hardness, tensile and percentage elongation tests. The hardness test was conducted using 3.
Results and discussions
SEM analysis of composites
SEM micrograph images of the composites prepared along with the powder SEM of reinforcement particles are shown in Fig. 1 . The irregular shape of the SiC particles tends to increase the bonding between the particles which tends to increase the tensile strength of the particles .Also the fine structure of the Al 2 O 3 particles provide better strength to the composites and are very difficult to pull-out from the matrix [17] . It can be seen from the SEM images of the rare earth composites that the degree of agglomeration reduces after the addition of CeO 2 particles which results in smooth surface of the composites. Similar trends of grain refinement seen with increased in the content of europium (Eu) as rare earth in the aluminium alloy A-356. The refinement efficiency enhanced with the addition of the Eu content in the alloy [18] . The very fine and round surface of the A-356 aluminium alloy was seen with the addition of 0.5 wt.-% of yttrium [19] . Various dendritic structures can be seen on the surface of (Al 2 O 3 + SiC) composite structures which occurred during solidification of the composites and sometimes tend to reduce the strength of the material. This results due to improper cooling rate of the composite. Various other defects like micro cuts on the surface, pores formation can also be seen on the surface of (Al 2 O 3 + SiC) composite which are negligible in rare earth composite. These defects lower the strength of the composites. The CeO 2 particles react with the aluminium particles to form a uniformly dispersed phase. Cerium oxide particulate helps in matrix grain refinement as clearly seen from the microstructural images of the composites. The similar phenomenon of grain refinement of matrix observed in the aluminium alloy reinforced with europium as rare earth metal [18] . It was further observed that 0.5 wt.-% of Er can significantly refine the primary Si crystals in the aluminium alloy which results in the transfer of coarse star like grain into fine blocky shape [20] . And it is evident from the microstructure images of the composites that stronger the matrix-fibre interface, stronger will be the capability of the fibre to resist various forces acting on it. Addition of rare element helps to improve the tensile properties and enhance the ductility of the components which makes them suitable for the aerospace and defense application. It was reported that due to the refinement and modification of primary Si crystals, the tensile strength and elongations are improved significantly with increasing the concentration of 0.5 wt.-% of europium as rare earth metal [20] . Present results are in agreement with these trends. The eutectic silicon was modified with the addition of yttrium, which results in improving the fluidity of the alloy and favourable for improving the mechanical properties of the alloy [19] .
XRD analysis
The X-ray diffraction (XRD) analysis is used to identify the percentage composition of the reinforced particles mixed in the prepared alloy composite samples. It further provides the information regarding the proper incorporation of reinforced particles in the composite samples. From Fig. 2 , the diffraction peak value of 2 at 38.31 is matched with the standard value of aluminium which is compared with the previous report of Altinkok [17] and Rajeswari et al. [21] . [22] . Largest peak in each was seen to be of aluminium as it has maximum percentage in the hybrid composites followed by other elements.
From Fig. 3 , the diffraction peak value of 2 at 38.50 is matched with the standard value of aluminium which is compared with the previous report of Xihua et al. [7] and Liu et al. [10] . The X-ray diffraction sample 4 (5 wt. hybrid composite. It was seen that when CeO 2 is added, the dispersion of SiC and Al 2 O 3 particles in the aluminium melt is improved. As a result of which, the SiC and Al 2 O 3 particles are captured by aluminium matrix grain and distribute uniformly in the matrix. At the same time, the ␣-Al matrix grain of 
EDS analysis
EDS analysis of the composites are shown in Fig. 4(A)-(F) . The analysis clearly shows the presence of aluminium, SiC, Al 2 O 3 , CeO 2 particles through different peaks. The presence of oxygen and carbon contents was also present in the analysis. Various spectrums were selected for analysing the composites where a good metallurgical bonding could be observed. The smooth surface of the composites samples shows proper grain refinement of the particles and no harmful reactions were observed on the surface. The presence of a compound named aluminium carbide (Al 4 C 3 ) was also not found in the spectrum which forms due to reaction between aluminium and carbide molecules. The formation of aluminium carbide is hazardous for Al-SiC interface and its growth was decreased by proper selection of processing temperature and duration of stirring. The peaks of magnesium (Mg) was also observed in the spectrum which clearly shows that Mg has been properly incorporated as can also be seen from XRD and as a wetting agent it has properly binded the particles of reinforcements.
Results of hardness
Hardness, which is describe as a measure of a material resistance to indentation, scratching and cutting. Vicker's microhardness test samples were prepared very carefully by grinding and polishing operation. In Vicker's microhardness test procedure, a diamond shaped indenter creates the indentation with a range of loads. By measuring the indentation marks with the use of Vernier scale attached to it the hardness value is calculated. The indentation is allowed to be indented for 10-15 s and once it is over the two diagonal are measured and the required value is calculated. In the present study the load applied was 5 kg for duration of 10 s and this value of load and dwell was kept constant for all the samples. The Vicker's microhardness tests are performed three times in order to get the more repeatability in the results at constant load as explained in Refs. [23, 24] . The hardness of the base alloy Al-6061 and all other hybrid composite samples are tabulated in Tables 3 and 4 . The hardness was increased from 79.3 VHN for Al-6061 alloy to 84.8, 85.5, and 90.17 VHN for hybrid composites with 5 wt.-%, 10 wt.-% and 15 wt.-% of SiC + Al 2 O 3 . This may be due to the addition of SiC and Al 2 O 3 reinforcement particulates which makes the ductile aluminium into more brittle in nature with increase of reinforcement. And also the dispersion of particulates enhances the hardness, as the particles are harder than Al-6061 alloy. This is also confirming the result reported by the several authors [25, 26] .
The hardness was increased from 79.3 VHN for Al-6061 alloy to 85.67, 88.17 and 92.8 VHN for hybrid composites with 0.5 wt.-%, 1.5 wt.-% and 2.5 wt.-% of CeO 2 as rare earth particulate reinforcement. It can also be observed from the results that with 0.5 wt.-% of rare earth element addition, hardness value was little bit higher and at 1.5 wt.-% there was a slight more increase in its hardness value but when the composition reached 2.5 wt.-% there was a sudden increase in the hardness value as compared to the base alloy and non rare earth composites. This is due to the strong and hard reinforcement which helps in the direct strengthening of matrix which further acts to hinder dislocation movement [27] . Similar trends of increase in hardness were observed in Gr/Al composites reinforced with neodymium contents varies from 0.2 wt.-%, 0.5 wt.-% and 2.0 wt.-% [28] . In addition, the effect might be more prominent since a few reinforcements are in sub micron size range and get well distributed by stir casting. It is observed that fine and smooth grain size of composite samples may have improved the hardness as per the Hall-Petch connection. The similar agreement in the results of increased hardness of Mg alloy with decrease in its grain size was observed [29] .
It is additionally trusted that homogeneous dispersion of reinforcement may have affected in pinning of dislocations and retardation of grain growth [30, 31] . Similar pinning effect was also seen in the aluminium composites reinforced with SiC and Gr [32] . Also it can be seen that with increase in reinforcement in the cases (Al 2 O 3 + SiC + CeO 2 ) as well as (Al 2 O 3 + SiC) composites there is an increase in the hardness values. Increase in density with the increase in amount of reinforcement may be the reason for same. Particle reinforcement addition to the 2218 Al-alloy favourable for the increase in density [33] 33 .80% on addition of rare earth addition while increased only 16.32% without rare earth addition. This can be due to strong bonding and better refinement of the composites due to the addition of rare earth element.
Tensile test
In order to determine the tensile behaviour (yield point, ultimate point and breaking point) of hybrid composite, a Universal Testing Machine was used to perform tensile tests.
The tests were performed at room temperature of 25 ± 3 • C with relative humidity of 40-60%. The test samples were made according to ASTME-8 standards with a shape of round 'dumbbell'. The gauge length of the test samples is approximately four times of the diameter as per the standards of ASTME-8 [34] . The hybrid composite samples were clamped in the universal testing machine and pulled with a strain rate of 10 −4 s −1 until the failure takes place. The stress-strain graphs were generated on the computer attached with the Universal Testing Machine (UTE100, CITCO-IDFC Testing Laboratory, Chandigarh) as indicated in Fig. 6 + SiC + CeO 2 ) mixture which was attributed to the presence and relatively good dispersion of reinforcement mixture. When particles reinforcement is introduced into a molten matrix of Al-6061 alloy, there is usually a significant increase in the dislocation density throughout the composite all due to large difference in the coefficient of thermal expansion between the Al-6061 matrix and SiC + Al 2 O 3 particle [22] . However, the dispersion of SiC + Al 2 O 3 is improved significantly with the addition of CeO 2 particulates. Moreover, the composite having CeO 2 additive had a smaller grain matrix as compared to the composite without CeO 2 additive as indicated by the SEM micrographs. The resistance to dislocation movements, dislocation density and their interaction with the reinforcing particles may have expanded because of these impacts, bringing about expanded tensile strength and strain hardening. Increase in the tensile elongation may be attributed to the reduced matrix grain size and the improvement of the SiC + Al 2 O 3 particle dispersion. Better homogeneity of the mixture as observed from the microstructure analysis of composites may have led to the enhancement in their properties. After addition of cerium in A-356 aluminium alloy, cracks no longer easily grow along the interface of eutectic silicon and aluminium matrix. The elongation enhanced when the level of cerium added in the A-356 is more than 0.6 wt.-% [35] . Present results are in agreement with these trends. It can be seen from Table 5 that with increase in wt.-% of reinforcements the value of tensile strength as well as percentage elongation increases. It shows that both the strength and ductility of the material increases with increase in wt.-% of reinforcement composition. The tests reveals that UTS rose from 26 MPa at 0 wt.-% addition of reinforcement mixture to 30 MPa at 5 wt.-% addition of (SiC + Al 2 O 3 ) enhancing the UTS by 15.38%. It was observed that UTS rose from 30 MPa to 54 MPa and 54 MPa to 73 MPa at 10 wt.-% and 15 wt.-% of addition of (SiC + Al 2 O 3 ) particles. The results are in line with the previous research [36, 37] .
The tensile tests on hybrid composite reveal that with the addition of 0. [19, 28] . The possible reason could be the low level of agglomeration of reinforcement particles and reduced porosity within the microstructures on addition of rare earth element cerium oxide. The Better homogeneity of structure which are the result of low level of agglomeration make the material a stronger one and reduced porosity in the solidified increased the ultimate tensile strength.
Conclusions
A successful fabrication of Al-6061 alloy reinforced with Al 2 O 3 + SiC + CeO 2 was made through stir casting fabrication technique. The effect of rare earth element on the mechanical properties and microstructure of the matrix alloy was contemplated and was compared with the composites without rare earth addition. The following conclusions are drawn from the work.
